The three dimensional computerized visual image analysis was performed to evaluate the body weight (BW) and body surface area (BSA) in swamp buffaloes. Nineteen swamp buffaloes were measured the conformation by linear measurement compared to 3D body scanner at different points : body height (A), heart girth (B), shoulder width (C), iliac width (D), ischial tuberosity width (E), the length between shoulder and ileac wing (F, G), the length between ileal wing to ischial tuberosity (H, I) and the length between shoulder to ischial tuberosity (J1, J2). The significant correlation was found between these two methods. The 3D body scanner was then performed in 28 males and 39 females for BW and 68 males and 74 non-pregnant and 31 pregnant females for BSA estimation. The appropriate models to estimate BW in buffaloes were BW = -1174.07 In conclusion, the 3D body scanner can be used to estimate BW and BSA in buffaloes with different models among males and females.
INTRODUCTION
Swamp buffaloes (Bubalus bubalis) is the indigenous species found in native Thai farmer household long times ago. The awareness of buffaloes number and conformation were raised since the population was declined from 6.4 millions in 1982 to 1.36 millions in 2008 [1] although they have still been used for cultivation by farmer in Thailand. Body weight (BW) is one of the most important parameters for breeding improvement while the body surface area (BSA) is commonly used in animal production research and in drug treatment. Due to difficulties in weighting or measuring the body surface area in large animals where the scale needs to be installed with time consuming and high cost, the linear and angular parameters measured by tape or ruler has been readily used instead. Recently, the morphologic parameters obtained by the 3D computerized imaging scanner have been used to evaluate live weight in Mediterranean buffaloes [2] . This device is superior since the morphological parameters can be obtained rapidly by photographic image and the measurement can be carried out at a distance. Moreover, the body *Address corresponding to this author at the Faculty of Veterinary Science, Chulalongkorn University, Bangkok, 10330, Thailand; Tel: +662 2189747; Fax: +662 2189741; E-mail: bchollad@chula.ac.th surface area (BSA) can also be estimated. The objectives of this study were to calculate the appropriate equations to estimate the body weight and body surface using the morphological parameters obtained from 3D scanner in swamp buffaloes of both sexes.
MATERIALS AND METHODS
The study was performed in accordance with institutional guideline and conformed to the Faculty of Veterinary Science, Chulalongkorn University. In order to determine the accuracy of data obtained from 3D scanner compared with data from measurement manually with tape, ruler, and caliper, 19 buffaloes of both sexes in Surin province of Thailand were used. The information that need to compare were body height (A), heart girth (B), shoulder width (C), iliac width (D), ischial tuberosity width (E), the average length between left and right shoulder to ileal wing (FG), the average length between left and right ileac wing to ischial tuberosity (HI) and the average length between left and right shoulder to ischial tuberosity (J1J2) (Figure 1a-d) .
The 3D scanning was performed in 28 males and 39 females non-pregnant females. The body weight could be obtained by digital scale at the same day of 3D body scanning. The body surface area was calculated by data obtained from 3D body scanner in 68 males, 74 non-pregnant female and 31 pregnant buffaloes.
Measurement by 3D Body Scanner
The 3D scanning was carried out on each buffaloes using stereo camera (Figure 2a) technique. The 3D scanner (see Figure 2b) consisted of 16 black and white Fire wire cameras with a resolution of 640 x 480 pixels, 6 video projectors used for illuminating structured light on to the scanned object [3] . There were 4 personal computers (PCs) used in this system, one was a master PC that synchronized another 3 PCs, which controlling groups of cameras and video projectors. The scan volume of the 3D scanner was 100cm x 220cm x 160cm (width x length x height) and the accuracy of the scanner is less than 1 mm when the object is scanned at range in between 1 -2 meters.
Before scanning, the eight adhesive paper markers were attached on the skin at the tip of shoulder, the top of scapular, the top of the ileac wing and the ischial tuberosity on both left and right sides of the animals (Figure 3a) . The marker was used as guidance for assisting the measurement done by computer software. In the scan process, after the animal was placed inside the dark cell and stood still, the structured light patterns were projected on the animal surface area (Figure 3b) . The scanning duration took only about six seconds and there were 160 images taken. The data density of 3D model was about 80,000 -150,000 points.
The captured images obtained by 3D body scanner were sent to the computer in order to reconstruct 3D data by using principle of triangulation [4] . The 3D data of each view was then rotated and translated, according to the location of each camera pairs in world coordinate, to its right position. The 3D model of swamp buffalo, in a form of point cloud, was then created as shown in Figure 4a .
The conformation of the scanned buffalo could directly measure from the cloud of points. shows the measurement of the heart girth, height, and knee girth. The body surface area was obtained by summation of the number of the lattice points using 3D scanner as described earlier [5] . To estimate surface area, the body of buffalo model was vertically sliced from the tip of nose to the bottom, typically having 200 slices. If the circumference of each slice multiplied by slice thickness and then we summed the products of all slices, the body surface area was obtained. The surface area of legs was done in the same way as that of body but the slices were horizontal. However, the obtained surface area excluded horn and hoof.
Statistical Analysis
Data were expressed as mean + SEM. The morphological survey was compared to 3D body scanner reliability using Pearson correlation. The body weight and body surface area were estimated from the parameters obtained by 3D body scanner using simple and multiple regression analysis. The polynomial regression was performed to estimate weight compared with simple linear regression from each individual point. The statistical analysis was performed using SAS program and the significances were determined when P values was less than 0.05.
RESULTS
The mean + SEM of body parts (traits) measured by scale (ruler and tape) and 3D scanner in 19 buffaloes were shown in Table 1 . The correlation of the two methods was highly significant (p< 0.01) in all traits.
Estimation of Body Weight in Swamp Buffaloes
Estimations of body weight were performed using linear regression analysis in all buffaloes regardless of sex and is shown in Table 2 (0.67). However, the equation using B is recommended because B is easier to be determined and has less error than D and FG ( Table 2 ). The regression analysis of 2 traits (B and FG and D and FG), 3 traits (BD and FG and BC and FG) and four traits (BCD and FG, ABD and FG and ABC and FG) yielded a similar R 2 (0.77).
As the results, the regression equation for weight prediction using two traits is recommended as BW = -1174.07 + 4.31 (B) + 7.75 (FG) for convenient and less error in measurement.
The regression analysis in male buffaloes (n = 28) showed that the heart girth (B) had the traits which yield the highest R 2 (0.78) in single traits equation. 
Surface Area
The coefficient of determination (R 2 ) of body surface area (BSA) estimation in buffaloes regarding of sex, male and female buffaloes were shown in Table 4 . With regardless of sex (n = 173), it was shown that the body length (J1J2) was highly correlated with surface area (R 2 = 0.74). The higher R 2 was found when the height [6] . The image analysis method was also used to estimate weight in cow compared with weight estimated by body length in order to solve the problem of stress, danger and the difficulty to weight large animals on the scale [7] . Recently, visual image analysis was used to estimate live weight and body condition score in lactating Mediterranean buffaloes using linear parameters, angular parameters and three surface parameters [2] .
DISCUSSION

Determination of the body weight using the important points of morphological interest has long
By comparing between linear measurements using stick measured manually and the 3D scanner in 19 buffaloes showed the closed correlation. The differences between the two expressed as covariance were ranged between 0.45-2.95%. There was a high degree of accuracy and precision using 3D body scanner. Therefore, the linear measurements obtained from 3D body scanner were used to estimate the body weight and body surface area. The gold standard for weight measurement was digital scale.
In our study, the scanner was used as a tool for measuring many different points on body surface of buffaloes and data were used to estimate body weight. The correlation coefficients for a single parameter were 0.68, 0.67 and 0.67 by using body length till point of ischial wings, heart girth and girdle width, respectively. Previous studies by Chantalakhana et al. [8] demonstrated the highest correlation by using body height (0.82) while the heart girth was also correlated well (R 2 = 0.74). Later study showed the heart girth was the crucial point for calculating body weight in different age of buffaloes such as R 2 of 0.93 in buffaloes from weaning until 2 years old [9] , 0.97, in swamp buffaloes from weaning to adult [10] and 0.97 in swamp buffaloes 2-4 years of age [11] . All four studies had higher R 2 compared with our study since the number of buffaloes included in the study was higher.
It was noticed that by using the polynomial equation of the single parameter yield the results of R 2 was higher than the simple linear regression on every parameters of male and female buffaloes. These results were similar to the study in swamp buffaloes by Jintana et al. [12] . Therefore, if body weight is estimated by using single parameter, polynomial equation may be more appropriated.
Although heart girth is the common points that earn a high and a significant correlation, our study showed that the R 2 was increased up to 0.76 when body length was added into the estimation equation for buffaloes regardless of sexes. Therefore, two parameters may be more suitable to use regardless of sexes. Imwattana and Vudhipanee [13] studied in young buffaloes after birth till weaning regardless of sexes and found that there was a high genetic correlation between body weight and heart girth. In male buffaloes, our study showed that the body weight can be estimated using heart girth and iliac width. However, in female nonpregnant buffaloes, the heart girth was not the prime nominee. The shoulder width and the width between ischium were the important points for weight estimation. The ischial width was incorporated into every equation whether using single or multiple regression analysis. Thus, the weight predictor using the tape measured the heart girth and transformed to weight estimation that has been used in the field may not be accurate in female buffaloes.
Rather than the body weight, the body surface area has long been known to be beneficial in calculating the dose of medication especially in large animals. It has also been used in many scientific researches especially when the body functions are compared in different size of the animals. Many researches showed the high relationship between body surface area and the body weight. Study in human showed the high correlation between these parameters and best fit equations have been developed. One of the good equation belongs to Du Bois and Du Bois (1915) [14] ) [15] and in cat (BSA = 388.4 x W + 896.5) [16] . It was noticed that the equation may be varied depending on the species and the point of measurement. Since the BSA was difficult to obtained, the 3D body scanner was introduced to fit the problem. The BSA can be obtained by a summation of the number of the lattice points which is proportionate to the area of the planar object [5] . The BSA yielded by computer analysis was used in various conditions such as to measure and select for weight and morphological traits in live rabbits and carcasses [17] . The new technique using 3D anthropometrical computerized scanner and BSA integration software yielded the results of BSA with accuracy checking within 1.0% and created the better formula between BSA and weight in human (BSA = 71.3989 x H
.7437 x W .4040
) [18] . Moreover, their study showed that the equation is good for both genders. The BSA from photogrammetry was also related to body weight in pig (BSA in cm 2 = 734 x W in kg 0.656 ) [19] . In our study, the prime determinants for body surface area estimation in both sexes were body length and height which is not surprising. However, BSA in female requires other points such as heart girth and the width between ischial tuberosities to yield higher accuracy. In conclusion, weighting of swamp buffaloes may not be practical in the paddle field. Simple measurement of geometric line upon the body surface can be used to estimate both body weight and body surface area. The models used were different among males and females.
